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Abstract 
The European initiative for the provision of Radionavigation Satellite Services (RNSS) – GALILEO - will 
comprise all segments for an independent and fully operational infrastructure under civil control. Some of 
the signal transmissions will share carrier frequencies and some of the available spectrum with the US-
GPS system. Signals on common centre frequencies have been designed for functional inter- operability, 
making GPS and GALILEO two systems of the next generation infrastructure for Global Navigation 
Satellite Services. The GALILEO system architecture comprises a space segment, the associated ground 
segment for performance monitoring and satellite control and, last but not least, the User segment.  
This paper provides a general overview of the GALILEO architecture. The individual segments of the 
GALILEO architecture and their internal interaction are described. Finally, external interfaces to other 
systems for the provisioning of time as well as the boundaries of the GALILEO system are explained.    
1 Introduction 
The GALILEO architecture has been designed to provide worldwide high precision positioning and timing 
services by global transmi ssions of signals optimised for three main user categories identified by 
comprehensive market research and consultation of key user groups. The architecture is therefore driven 
by consideration of key performance parameters, available technology and regulatory constraints set by 
the ITU-R Radio Regulations and the present usage of the frequency spectrum allocated. The key 
performance parameters are 3d-positioning accuracy, availability of accuracy, continuity of service and 
integrity.  
The first and largest target group identified is the market for open access service with commercial, 
professional, and private applications. The second group has been considered as the provision of safety-
of-life services mainly driven by the demands of the aeronautical communi ty but of equal value to for 
maritime and railway applications. The third main target group is represented by Governmental users 
dedicated to organisations and services caring for security.  
A signal and frequency plan has been derived to satisfy needs of the identified target communities.  Main 
driving parameters are: performance and user perceived quality of service, coverage area of services 
(global, regional or local), availability of services, and margins for the provision of services in the context of  
service continuity.  
The implementation of a sophisticated integrity warning function into the system has been a driving force 
in the design of the GALILEO architecture.  It has also been largely impacted by the requirement that the 
GALILEO operating entity offers some services, that are subject to a "guarantee of services". This has a 
substantial influence on the availability and quality of services and consequently on the system design.  
Also aspects of GALILEO system safety and security are important wi th respect to the system design. In 
addition, the interoperability of GALILEO with GPS on different levels is an important requirement. 
Interoperability between GALILEO and GPS is understood in this context that the combined reception of 
signals from both systems on two given frequencies will significantly improve the availability of accuracy 
as well as the reliability based on a unique, common receiver design.  
Therefore, GALILEO has been designed to provide and, in most cases, exceed the given perceived 
navigation performance set by the civil GPS-C/A code signal and its augmentation systems (WAAS, 
EGNOS). The main performance drivers are in the areas of high precision time references, the geodetic 
reference frame and the state- of-the-art design of wide band signal structures.  
GALILEO will define its own GALILEO System Time and also implement a GALILEO Geodetic Reference 
Frame (ITRF0x), independent from the GPS used WGS84-frame but with a maximum deviation of less 
than 5cm from this.  
The GALILEO architecture has also be designed in a way that the operations of GALILEO in different 
phases (In Orbit Validation, Constellation Deployment, Nominal Operations, and Replenishment etc.) can 
be conducted and maintained with an appropriately growing ground station infrastructure. Therefore the 
necessary support structure (Training and Simulations, Mission Planning, Archiving, Flight Dynamics Fault 
Detection and Isolation etc.) will gradually be implemented following the progress of the system 
implementation, also taking into account the need for flexibility in terms of improvements, innovations and 
modernisations. 
Currently the GALILEO system design is consolidated in the GALILEO phase B2 study, completed early 
June 2003. In parallel, the project GALILEI, initiated by the European Commission is focusing on service 
definition, non-technical aspects of service provision, interoperability aspects between different systems 
for navigation purposes and local elements. The main objective of all these activities is to prepare fo r the 
C/D-phase of the program that will commence with the actual development and validation of the 
GALILEO-architecture before the end of 2003 to keep in line with the target of full operational capability for 
GALILEO in 2008. 
2 Services provided by GALILEO 
The service descriptions and performance parameters are based on the recent issues of the GALILEO 
mission and system requirement documents GALILEO MRD (2002), GALILEO HLD (2002) and reflect the 
baseline service definition. 
 
The GALILEO services comprise: 
§ Navigation Services - 3d-positioning (to enable receivers to derive bearing, heading, velocity, 
acceleration and other information substantial for individual navigation)  
§ Timing Services - time transfer and date information 
§ Global communication access to Search & Rescue Services (COSPAS-SARSAT) from certified 
emergency terminals: ELT (aviation), EPIRB (maritime)  
 
The basic navigation problem can be described as: "You must know where you are before you can decide 
where to go". GALILEO, by means of global radi o signal coverage by satellites, will help to solve the first 
part of the problem. To this end GALILEO transmits signals that allow navigation receivers to determine 
their present position very accurately in a three- dimensional geodetic grid system. The quality of service 
actually perceived by the users depends to a great extend on the type and quality of the selected receiver.  
 
Depending on the application, the user will decide to apply "single-", "dual -", or even "three"-frequency 
receivers depending on the intended or required "accuracy" and "availability of accuracy". The use of 
multiple frequency receivers will allow the correction of potential degradations that result from changes of 
the propagation behaviour of the ionosphere. 
  
The signals that will be permanently transmitted from the GALILEO-satellites are shown in Figure 1. Each 
signal is a complex signal comprising in-phase (I) and quadrature (Q) components. This effectively creates 
two orthogonal channels where the I-component carries a navigation data message while the Q-
component provides a ranging signal only. Why? All signals are modulated with spread spectrum 
modulations (CDMA). Highest ranging accuracy is achieved when the spreading code is very long  and no 
data is carried. However, transmission of data is a mandatory pre-requisite for the transfer of constellation 
and system information (ephemeredes, almanacs) thus to enable the receiver to calculate the actual 
position.  
 
On the other hand, the higher the data rate of the navigation message, the lower the achievable ranging 
accuracy. GALILEO has solved this unavoidable conflict by providing several signals with different data 
rates and a data-less signal (pilot) for improved ranging and improved signal acquisition even under low 
receive power conditions (e.g. beneath tree foliage or certain in- house performance). 
 
Therefore, the appropriate combination of signals (receiver) will largely determine the eventually perceived 
performance for the individual  application. This leaves a high degree of freedom to the designer to 
optimise for an intended application. From GALILEO's point of view, it is important to provide all signals 
with highest possible accuracy and continuity.  
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Figure 1: Baseline Signal and Frequency Plan – GALILEO 
 
The variety of signals and their intended mapping leading to so -called "services" is to be understood as 
follows.   
• Open Service (OS)  
– Performance comparable with GPS IIF/III – for mass market receivers based on 
GPS/GALILEO receivers – free of a direct user charge 
– The OS is composed either of the "E2- L1-E1-OS"-signals alone or, if a higher availability 
of accuracy is required, by using in addition the E5a- or E5b-signal. The integrity 
information provided in the data message of the E5b-signal will probably be encrypted so 
that a special authorisation would be necessary if integrity information is desired.  
– For highest accuracy particularly in geodetic applications special processing with three 
carriers (TCAR) leads to further improvement. 
 
The GALILEO Open Service mainly targets the mass market and its applications and can be 
accessed free of charge by any user equipped with a suited single, dual or triple frequency 
receiver free of charge. It provides positioning, navigation and timing information with a global 
coverage based on ranging signals disseminated on two carrier frequencies. The Open 
Service does not provide integrity information on the validity of the provided accuracy 
information for the Signal -in-Space. The user can, nevertheless, derive certain integrity 
information by means of receiver autonomous integrity monitoring (RAIM) techniques, mainly 
based on plausibility criteria, which suffice for many applications. 
• Safety-o f-Life Service (SoL) 
– For safety critical applications GALILEO provides a Safety- of- Life Service with integrity 
information determined and disseminated by the system.  
– The SoL is implemented by signals transmitted on frequencies particularly protected by 
ITU-R regulation for services  with safety- of-life relevance.  
– The two signals "E5a" and "E5b" are primarily considered for aeronautical applications. 
Variations due to ionospheric perturbations can be compensated for if the "E2-L1-E1-SoL-
signal" is used in addition. 
– Improved safety and frequency redundancy in GALILEO receivers on- board airplanes at 
cruising altitudes are subjected to potential interference from terrestrial systems of the 
aeronautical radionavigation service (DME/TACAN). The two E5-signals will increase 
safety in the case where either one of the two frequencies is out of order due to harmful 
interference by a nearby DME or TACAN system.  
– Global integrity (integrity risk: 3.5.10-7, VAL=20m, HAL=12m, Time to alarm = 6 secs) 
The integrity information is disseminated with the Safety-of-Life signal without direct charges 
for the user and may be access-restricted for relevant user groups, e.g. civil aviation.  
The Safety- of- Life Service, like the Commercial Service, is based on the Open Service and 
thus provides the same level of ranging performance. 
• Commercial Service (CS) 
– The CS consists of the OS ranging codes but carries in the "E6-CS"-signal, in addition to 
the navigation messages, some commercial data with added- value information  
– To offer dissemination capacity the "E6-CS"-signal provides a higher data rate of about 
500 bps (1000 symbols per second, assuming a half-rate forward error correction 
encoding leads to about 500 bit/s for information content)  
– The CS may be supplemented with information data provided through local sources 
A number of navigation applications require additional location-related data, like maps, tourist 
data etc. or additional correction data to improve the performance and/or determine the 
integrity of the positioning information. GALILEO will provide some transmission capacity for 
such data content, which may be encrypted. It is therefore restricted to paying customers. In 
terms of navigation performance, the GALILEO Commercial Service provides basically the 
same positioning, navigation, and timing performance as the Open Service. 
 
 
• Public Regulated Service (PRS)  
– The PRS is provided on a separate frequency band by the "E6-PRS-" and "E2-L1-E1-
PRS"-signals 
– PRS will ensure a continuity of service when jamming of open signals may occur, 
particularly in times of crisis 
– Characterised by encrypted code and navigation data on signals "E6" and "E2-L1-E1" 
 
The details for the provision of the Public Regulated Service (PRS) by GALILEO are under 
detailed investigation. This service shall mainly cover public applications for European and/or 
national security forces like organisations for police or law enforcement, civil protection and 
governmental services. Other applications are the provision of "continuity of service" in case 
of jamming of other signals to protect saf ety and security critical applications of timing for 
energy, transport and telecommunication systems as well as for economic and industrial 
activities of strategic importance for Europe. 
 
The PRS and its operational infrastructure will be under the control  of the EC and the Member 
States’ Governments. PRS-receivers will only be available for authorised user groups and 
manufactured by special certified manufacturers. Service access will eventually be authorised 
by EU Member States by means of appropriate access control techniques. 
 
• Search and Rescue  
– The GALILEO SAR service provides a communication link for direct emergency access to 
the Search and Rescue facilities of COSPAS-SARSAT (Cosmicheskaya Sistemya Poiska 
Avariynich Sudov (Space System for the Search of vessel in distress) - Search And 
Rescue Satellite Aided Tracking [USA, Russian Federation, France, Canada]), an inter -
Governmental organisation for international air and sea rescue 
– Significant improvement of the SAR will be achieved by precise position reporting and 
improved accuracy of locations of distress beacons 
– The GALILEO routed access to the SAR will provide a fast response to the distress caller 
by a positive acknowledgment confirming the correct reception of an emergency call to 
the calling stat ion in distress. 
 
The GALILEO SAR is a special service for the provision of a global unique radio interface for 
the recognition of distress calls originating from emergency beacons "Emergency Locator 
Transmitter" (ELT for aviation use) and "Emergency Posit ion Indicating Radio beacons" 
(EPIRB for maritime use). 
3 GALILEO Architecture  
3.1 GALILEO System Components 
The GALILEO system architecture and the related elements, components and segments have been 
derived to provide the above described signal and service concept. Based on the nature of the individual 
services and the related applications, the GALILEO architecture comprises a global and a regional 
segment as well as local components wherever useful.  
 
In this context it is important to mention that the safety-of-life service will eventually provide a global 
integrity warning. The integrity warning function is an integral part of the overall GALILEO architecture. 
This system approach differs significantly from the GPS or GLONASS concept, where integrity is not 
provided as an integral element of the navigation messages but by regional augmentation systems 
(WAAS, EGNOS).   
The user receiver, its RF interfaces and processing performance, have been the important design drivers 
for the system architecture and the choi ce for the signal and frequency plan (see [5]) . The individual 
performance and the degree that the nominal performance provided by the system is really achieved by a 
receiver depend to a high degree on the type and making of the receiver (hard- and softwar e) and its 
manufacturer. To permanently ensure the highest system performance, dedicated reference receivers are 
foreseen, built to the highest performance requirements, to ensure that the overall system performance at 
any time is better than the best receiver can actually verify.  
 
The other important system drivers are the interfaces  
§ to the geodetic reference frame provided by the IERS ( International Earth Rotation and Reference 
Systems Service)  
§ to the time reference provided by an ensemble of atomic clocks under the auspices of the BIPM, 
Paris,  
§ to other regional components for the provision of regional integrity messages derived from ground 
monitoring networks that might be implemented by certified operators in regions outside Europe, 
but where the integ rity message might be provided integrated into the GALILEO navigation 
message (safety- of-life service),  
§ to an undefinable number of local elements such as pseudolites or other devices filling gaps in 
case of radio propagation (e.g. improvements in urban canyons) or adding value to the sole 
provision of positioning signals.  
 
It was decided for GALILEO to rely on the availability of the International Terrestrial Reference Frame 
(ITRFox with a year s.a. 200x or later) provided by the IERS. This frame provides a systematic 
independence from the GPS WGS84. Both frame reference systems differ, however by less than 5cm.  
 
The system timing will also be derived by an ensemble of atomic clocks on the ground similar to GPS but 
not directly taken from GPS, again for reasons of systematic independence. Synchronisation and 
processing in dual -mode user receivers with the GPS-system time will be possible through the provision of 
clock error messages. 
3.2 Space Segment - Constellation 
The space segment of GALILEO comprises a constellation of 30 satellites in space of which three are in-
orbit spares for rapid replacement in case of satellite problems. The main design drivers for the 
constellation were  
§ provision of high quality services on a global base,  
§ robustness of constellation design in the context of service availability,  
§ quality of service and high service reliability in case of satellite failures. A further design driver was 
the visibility of GALILEO satellites and the related constellation performance for commercial an d 
mass market services.     
 
The GALILEO space segment therefore consists of a satellite constellation of 30 satellites: ten each on 
three circular orbital planes (120° separated), with 3 active spares (one active spare in each orbital plane).  
The satellites travel at an altitude of 23616 km on orbital planes inclined at 56° with reference to the 
equatorial plane. In line with Kepler's law this altitude corresponds to a revolution period of 14 hours 4 min 
and provides a ground track repeatability of about 10 days. The resulting GALILEO satellite constellation 
is shown in Figure 3.   
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Figure 3: GALILEO Constellation 
3.3 Space Segment - Satellites 
The GALILEO satellites (see Figure 4) will have a launch mass of about 750 kg, the projected end-of-life 
DC power is 1.5 kW and the dimensions are 2.7x1.2x1.1m³. The satellites will be 3-axis stabilized with 
centre of Earth pointing of the satellite's z-axis (in line with the ant enna bore sight pointing). The 
navigation payload has a weight of 70- 80 kg and a power consumption of 850W. The SAR transponder is 
designed to add a further mass of 20 kg. Launcher interfaces are available for the Ariane 5 as well as for 
the Russian Proton and Soyuz. It is foreseen that up to eight GALILEO satellites might be launched 
simultaneously (see Figure 4). 
  
Figure 4:  GALILEO Satellite and the multiple launch configurations 
 
3.4 Ground Segment  
The ground segment of GALILEO forms a major system element controlling the entire constellation. It 
comprises the measurement and monitoring facilities for the determination of orbit parameters (Kepler 
parameter, ephemerides) as well as the interfaces for time synchronization. It also provides the facilities to 
generate and uplink navigation messages to the satellites.  
 
In addition, a dedicated network of stations of the ground segment will determine and disseminate the 
integrity status of the system. The ground segment therefore comprises a global network of monitoring 
stations to acquire the relevant system information continuously. The global geographical distribution of all 
elements of the ground segment is therefore essential to enable permanent access at any time to any 
satellite of the constellation. 
 
About 30 GALILEO Sensor Stations (GSS) will be deployed at geographically dispersed locations, driven 
by the constellation geometry. They will form a global network for the collection of each satellite's 
instantaneous position by one-way range measurements. Although the final selection of site locations is 
largely driven by geometry set by the constellation, the final selection of sites will also follow pragmatic 
considerations of availability,  security and others. Each of the GSS facilitates will be equipped with three 
parallel reception channels: One channel for the determination of orbit data and clock synchronization, a 
second for the determination of integrity and a third redundant channel.   
 
Nine Mission Uplink Stations (ULS) equipped with a total of 31 (up to four per site) C-band antennas 
(parabolic antennas with 3.2 meters diameter reflector) will be used to uplink the navigation and integrity 
data from the control centre to the satellites. All uplinks are designed to be robust against potential single-
point failure that may occur by the loss of any single antenna, the entire uplink station, or one of the 
satellites. Consequently, even in the case of a failure the provision of the navigat ion and integrity 
information to all users worldwide is ensured. 
 
The control of platform and payload is implemented by five Telemetry, Telecommand and Control (TT&C) 
stations equipped with very large S- band antennas (11 meter dishes) to provide a secure exchange of 
data between the control centres and the satellites. Communication among all sites is ensured through a 
hybrid Communication Network inter -connecting the remote stations (ULS, GSS, and TTC stations) with 
the GCC by different means of standard and special radio and wired data and voice communication links. 
 The major drivers for the overall design of the GALILEO Ground Segment were (1) the minimum number 
of required ground station sites under the geometrical system conditions, (2) the degree of automation, 
and (3) the appropriate number of manned and remote controlled stations. Another important aspect was 
a reasonable re-use of already existing sites and facilities, which are currently already under the control of 
European entities such as the Eur opean Space Agency.  
 
Also the important aspect of redundancy in the light of the overall system reliability required by the Mission 
Requirement Document and geographical separation had to be taken into account.  
 
Two inherently redundant GALILEO Control Centres (GCC) form the core elements of the ground 
segment. The main GCC elements and functions are (see Lugert (2002)) 
· Satellite Control Facility (SCF): The SCF controls all GALILEO satellites and uploads the navigation 
data messages generated in the OSPF and provides the data interfaces for the reliable and timely 
upload of integrity messages  
· Mission Control Facility (MCF): This facility provides the monitoring and control, performance 
monitoring, performance prediction and maintenance management functions of the ground segment 
elements  
· Ground Assets Control Facility (GACF): The GACF monitors and controls all the elements of the 
ground segment in real time 
· Message Generation Facility (MGF): The MGF is the multiplexing facility needed to multiplex all the 
messages either generated within the GCC (navigation and integrity) or received by external entities 
in a single data stream to be sent to each ULS in order to be uploaded to spacecraft 
· Orbit determination & Synchronization Processing Facility (OSPF): The OSPF is in charge of the 
determination of satellite navigation parameters, i.e., ephemeris computation, satellite clock 
prediction, and determination of the Signal -in-Space accuracy (SISA)  
· Integrity Processing Facility (IPF): The IPF is responsible for the determination of the integrity flags 
for each satellite in real time  
· Precision Timing Facility (PTF): The PTF is responsible for the computation of the GALILEO 
System Time (GST) and thus provides a reliable and stable coordinated time reference for the 
GALILEO system 
· Key Management Facilities (KMF): Several KMFs in the ground segment are responsible for the key 
distribution within the GALILEO system and for specific aspects of the Public Regulated Service.  
3.5 Search and Rescue 
A special payload has been commi ssioned for GALILEO to provide global access to the provision of 
Search and Rescue services (SAR) for air and sea rescue. To this end the system will provide receivers 
on- board the satellites to receive distress calls from emergency terminals (aeronautical -ELT, maritime-
EPIRB) on one of 20 calling channels assigned in the internationally recognised and protected frequency 
band 406.0-406.1MHz. 
 
Distress calls from emergency terminals anywhere on Earth or at flight altitudes will be received by the 
satellites and repeated to dedicated ground stations belonging to the COSPAS-SARSAT organisation. 
The emergency messages will comprise positioning information and a unique number for identification of 
the registered owner and operator. The emergency message will be received by dedicated COSPAS-
SARSAT stations which will, after registration of the call, send an acknowledgment (ACK) message from 
the SAR -station through a communication link to the GALILEO control centre. From there the 
acknowledgment message will be routed through the mission control uplink as part of the navigation 
message to the satellite in reach of the calling distress terminal.  
 
The caller in distress will therefore receive an acknowledgment of its emergency message in due course. 
This avoids further transmissions on the uplink by the calling party in distress, which would only result in 
further blocking of the uplink for other potential distress callers and, on the other hand, will provide the 
calming psychological effect of being recognised. Further short data information may be added to inform 
the calling party about the measures taken. The flow of information is shown in Figure 5.  
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Figure 5: Signal flow for Search -and-Rescue messaging  
4 Conclusions 
This paper provided a short description of the concept for the  GALILEO Overall Architecture and its 
corresponding system elements.  
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